Simultaneous citrate reduction of various ratios of silver and platinum ions leads to the formation of core-shell nanostructured bimetallics (BM). Transmission electron microscopy (TEM) and X-ray diffraction XRD data of the BMs depicted crystalline core -shell nanoparticles consisting of Ag core and Pt shell with an average size of 22.2 nm in contrast to the Pt NPs and Ag NPs monometallics average sizes of 2.5 and 60.0 nm respectively. Tauc's calculated optical band gaps ranged from 3.55 to 4.02 eV while the electrochemical based on Breda's equation had a range of 1.45 to 1.80 eV. These band gaps range variation maybe due to inter atomic interaction, morphology and quantum confinement. Generally, bimetallics had higher band gaps relative to monometallics. The Ag: Pt ratio of 3:1 had the highest optical band gap and the smallest particle size. While the ratio of 1:3 had the highest electrochemical band gap as well as the largest particle size among the BMs. Suggesting band gap dependence on amount of Ag and Pt for optical and electrochemical respectively.
INTRODUCTION
The design and synthesis of bimetallic nanomaterials (BM) have received considerable interest because of their myriad properties and applications in optics, magnetism, catalysis, and others, due to their high tenability and superior features compared with those of their monometallic counterparts (Chen et al., 2011) . BMs may form core-shell structures, heterostructures, and alloy nanocrystals, this formation diversity increases the mass specific activity (MSA) of the nanoparticles while also minimizing the cost by using precious metals only on the surface of the particles (Shi et al., 2013; Khanal et al., 2012) . Nanomaterials properties strongly depend on their size, structure and morphology (Camargo et al., 2007; Fan et al., 2008) . Size provides an important control over many of the physical and chemical properties of nanoscale materials including luminescence, conductivity, and catalytic activity (Chatenet et al., 2003) . Past studies have focused on the control of particle´s size and their self-assembly into various dimensional lattice structure. Lately, effort has been devoted into the *Corresponding author. E-mail: lellangm@gmail.com.
Author(s) agree that this article remain permanently open access under the terms of the Creativ e Commons Attribution License 4.0 International License preparation of bimetallic nanoparticles with controlled composition distribution (Antolini et al., 2008; Hirakawa, 2012) . Design and control of the spatial arrangement of both metals in bimetallic nanoparticles are critical for exploiting their potential applications (Lieber, 1998) . The coupling between the particles leads to interface formation, which can result in changes of electronic and optical properties.
Among the wide range of BM systems, Ag-Pt compositions has been extensively studied because Ag has the highest optical cross section of any metal but it is easily oxidised while Pt´s catalytic activity for both methanol oxidation reaction (MOR) and oxygen reduction reaction (ORR) in direct methanol fuel is hampered by CO poisoning (Antolini et al., 2008) . Therefore, BM technology of these metals has concentrated in finding means of countering their problems. Various forms of AgPt such as stellated, heterostructures, core-shell and alloys have been reported. However, they are limited reports on the detailed causes of their improved properties as well as the effects of metal ratio variations. Most of the common applications of bimetallization are in catalysis for example, the use of Ag-Pt BM NPs in catalytic decomposition of hydrogen peroxide (Hirakawa, 2012) and as catalysts for oxygen cathodes in chlor-alkali electrolysis (Lieber, 1998) . In addition, silver-platinum bimetallics have been studied in recent years as lead-free soldier materials (Nousiainen et al., 2007; Nousialanen et al., 2005) . Other reports are on the catalytic behaviour of the Pt-Ag alloy nanoparticles electrooxidation of formic acid (Xu et al., 2008) .
Few studies have reported optical and electrochemical band gaps (Beaupre and Leclerc, 2002; Johansson et al., 2003) of nanomaterials. Optical spectroscopy studies of nanoparticles demonstrate their atom like discrete level structure by showing very narrow transition line widths (Empedocles et al., 1996; Banin et al., 1998) . Optical techniques like optical absorption or luminescence spectrum probe the allowed transitions between valence and conduction band states for nanoparticles which do not have defect or impurity states in the energy gap. However, the interpretation of optical spectra often is not straightforward and needs correlation with theoretical models (Ekimov et al., 1993; Fu et al., 1998) . Cyclic voltammetry (CV) is an effective technique for studying the electroactivity of nanofilms. In addition, CV is also one of the most useful methods to estimate the band gap energies (Andrade et al., 2005; Al-Ibrahim et al., 2005) . Under CV, the oxidation and reduction peaks can be correlated directly to electron transfer at highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO), respectively (Haram et al., 2001) . These can be measured by obtaining the redox potentials E red and E ox and the values used to evaluate the band gap.
Detailed understanding of the electrochemical and optical properties of metal nanoparticles band gaps is important from a fundamental science point of view and gives a valuable insight into the structural size effects of the new materials potential application as conductors or electrocatalysts. The knowledge is valuable in selection of suitable materials in solar cell devices and fabrication of light emitting diodes (Liu et al., 2001; Pei et al., 2000) . Band gaps can be used to determine purity of materials as well as in designing fabrication of devices (sensors and photocatalysts ). However, direct observation of the band gap variation from UV-visible and electrochemistry with particle size is relatively rarely discussed.
In this article, a comparative band gap study was made using both optical absorption and electrochemical measurements based on their theoretical calculations from Tauc and Breda models respectively. The influence of the nanofilms on the optical and electrochemical band gap properties was investigated in detail using CV. The core-shell structure of the bimetallic Ag-Pt nanoparticles was depicted by TEM images and XRD. This provides understanding of the Ag-Pt NPs BM size relationship to band gaps.
EXPERIM ENTAL METHODS
Ag NPs, Pt NPs and bimetallic Ag-Pt NPs ratios (1:1, 1:3 and 3:1) w ere synthesized via chemical reduction of H2PtCl6·6H2O in aqueous solution w ith trisodium citrate (Na3C6H5O7) as reducing agent according to described procedures (Okumu and Matoetoe, 2016) . A one-pot synthesis approach w as used for the synthesis of bimetallic Ag-Pt NPs. A Cary 300 dual-beam spectrophotometer using 1 cm quartz cuvette in the w avelength range of 200 to 800 nm w as used for UV-visible absorption. The nanoparticle w ater suspensions spectra w ere obtained and Tauc's model utilised for optical band gap calculations.
While electrochemically, nanoparticle modified electrodes w ere used to study the electrochemical band gaps. Cyclic voltammograms of modified glassy carbon electrode w ere run using Autolab PGSTAT 101 (Metrohm, South Africa) w ork station. A conventional threeelectrode system consisting of nanomaterials modified glassy carbon electrode (GCE) w as used as the w orking electrode (A = 0.071 cm 2 ), a platinum w ire (3 mm diameter) from Metrohm SA and Ag/AgCl (3 M KCl) electrodes from BAS w ere used as auxiliary and reference electrodes respectively. Alumina micropow der and polishing pads w ere purchased from United Scientific (SA) and used for polishing of the GCE prior to modification. All electrochemical experiments w ere carried out at room temperature (25°C) in 0.1 M phosphate buffer solution (PBS) pH 7.0, purged w ith high purity nitrogen gas (Afrox, South Africa) for 5 min and blanketed w ith nitrogen atmosphere during measurements. All potentials w ere quoted w ith respect to Ag/AgCl. Nanoparticles suspensions w ere drop coated on the surface of polished GCE and their CV carried out in 0.1 M PBS pH 7.0 as a supporting electrolyte. Deionised w ater purified by a milli-QTM system (Millipore) w as used for aqueous solution preparation. The corresponding voltammograms w ere analysed using Bredas equation. X-ray diffraction (XRD) studies of the NPs w as performed by using a Bruker AXS D8 Advance diffractometer w ith Cu Kα radiation over the scanning range 2θ = 20° -90° at a voltage of 40 kV and 40 mA. The particle size distribution studies of the NPs w ere performed using a high resolution transmission electron microscope (HRTEM) from Tecnai G2F20 X-Tw in MAT (US). For TEM, samples w ere prepared by placing a drop of w orking solution on a carbon- 
RESULTS AND DISCUSSION

X-ray diffraction studies of the prepared BM Ag-Pt NPs
The XRD patterns of Ag NPs, Pt NPs and bimetallic AgPt nanoparticles are shown in Figure 1a to e. XRD pattern of Ag NPs (Figure 1a) showed clear characteristic peaks of face centred cubic (fcc) planes at 38.08° (111), 44.18° (200), 64.30° (220), 77.23° (311) and 81.59° (222) as similarly reported indicating the crystalline nature of silver nanoparticles. The XRD spectrum of Pt NPs contained multiple peaks that are clearly distinguishable, the peaks with 2θ values of 33.89°, 45.78°, 66.58° and 84.22° correspond to the 111, 200, 220 and 222 crystal planes of fcc structure respectively as reported (Jingyu et al., 2007; Yang et al., 2008) . In the Pt NPs diffraction pattern, the broad peak observed at about 24° belonged to the graphitic carbon used as the support. In contrast, the XRD patterns of the bimetallic Ag-Pt NPs (Figure 1c to e) are a superimposition of the two components of Ag core and a relatively crystalline Pt shell.
All three bimetallic Ag-Pt nanoparticles showed common diffraction peaks around 2θ angles 32.85°, 45.77°, 66.58° and 76.85° that could be indexed to 111, 200, 220 and 311 planes of a fcc lattice. This reflected that the resultant crystalline phase of the bimetallic NPs was intact throughout. Other diffraction peaks observed were attributed to the support material used during analysis. The diffraction pattern of the three bimetallic AgPt nanoparticles displayed mostly the reflection characteristics of both Ag and Pt NPs fcc structure. Although all the BM XRD patterns indicated double peaks except for the (111) planes as a result of the close proximity of the Ag and Pt peaks as well as the core shell morphology. However, the diffraction peaks shifted slightly to higher 2θ values relative to the same reflections on monometallic factions maybe due to lower d spacing as a result of inter-atomic interactions between the atoms thus altering the d spacing arrangement. The relative peak intensities increased in the diffraction patterns of BM Ag-Pt nanoparticles. This diffraction peak shift to higher 2θ angles was proportional to increase of Ag ratio in the BM; hence the molar ratio (3:1) was the most deflected. The BM NPs crystallinity reported in this work corroborates TEM results and previously reported studies (Okumu and Matoetoe, 2016) .
Transmission electron microscopy
Typical HR-TEM images with low magnifications for Ag, Pt and Ag-Pt BM NPs ratios (1:1, 3:1 and 1:3) are depicted in Figure 2 . The Ag NPs showed uneven sphere-stacked aggregation (Figure 2a ) with average diameter of 60 nm while Pt NPs were dispersed and smaller in sizes. The BM Ag-Pt NPs various ratios particle sizes were dependent on outer Pt NPs (shell), this phenomenon has been reported before in Okumu and Matoetoe (2016) . The Pt shell nanoparticles are denser compared to the Ag core in all BM Ag-Pt nanostructures judging by their distribution (Figure 2 ). The reduction on the Pt precursor forming Pt shell around Ag NPs hindered the particle growth of the Ag. This explains the BM Ag-Pt NPs varying ratios size reduction. The introduction of molar ratios (AgNO 3 /PtCl 6 2-) resulted in an average diameter of about 20 nm particles. TEM study reported the average sizes of Ag NPs, Pt NPs and bimetallic Ag-Pt NPs as in Table 1 .
Optical band gap studies
Correlation of nanoparticles optical properties of Ag, Pt and Ag-Pt bimetallic NPs (1:1, 1:3 and 3:1), systematic optical absorption studies were carried out. The fundamental absorption, which corresponds to electron excitation from the valence band to conduction band, was used to determine the band gaps. The band gap value, E g in this study was determined using Tauc's relation (Tauc et al., 1966) ,
Where α is the absorption coefficient, hν is the photon energy, A is a fixed constant and exponent n whose value depends upon the type of transition, which may have the values 1/2, 2, 3/2 and 3 for allowed direct, allowed indirect, forbidden direct, and forbidden indirect transitions, respectively (Pankove, 1971) . Figure 3 depicts Tauc´s plots and band gaps (E g) , at a point where the straight portion of (αhv) 2 versus hv plot is extrapolated to the x-axis.
The optical band gaps increased from 3.96 eV for Ag NPs, to about 4.02 eV for the BM nanoparticles at higher concentration of silver (Table 1) . These increases in optical band gaps explain the changes in UV-visible spectra and clearly indicate a progressive metallization of samples caused by the Ag doping. This suggests that the band gap is mainly determined by the lateral confinement. Similarly, Pt NPs band gap of 3.55 eV had a blue shift in the Pt higher concentrated BM nanoparticles (1:3) at 3.97 eV. From Figure 3 , it was observed that an increase in Ag molar concentration resulted in increased Ag-Pt NPs 3:1 band gap energy. A similar observation was noted by Salem (Salem, 2014) in Ag-doped CdO nanoparticles. The E g values for BM Ag-Pt 1:1 NPs was found to be lower than Ag NPs. This decrease in the value of E g can be attributed to the formation of bonds between Ag and Pt NPs, which form the trap levels between the HOMO and LUMO energy states, making the lower energy transitions feasible thus resulting in the reduction of optical band gap, which is in line with pastdiscussed work (Chahal et al., 2011) . In the case of BM Ag-Pt 1:3 and 3:1, their band gaps were larger than that of both Ag and Pt NPs due to the quantum confinement exhibited in their structures.
In general, the optical band gap increased on average in the final BM NPs (Table 1) relative to their monometallic counterpart. This indicates that the BM NPs exhibited strong quantum confinement, which shifts the energy levels of the conduction and valence bands apart and gives rise to a blue shift in the transition energy as the particle size decreases (Lin et al., 2005) . This trend has been reported in other related studies (Bhargava et al., 1994) .
The blue shift of the absorption spectra for different ratio of nanoparticles arises due to the quantum size effect (Banerjee et al., 2000) in the nanoparticles and this phenomenon causes the continuous band of the solid to split into discrete, quantized levels and the band gap to increase as similarly noted (Revaprasadu and Mlondo, 2006) . The obtained band gap values are in close agreement with those reported in monometallic nanoparticles (Budhiraja et al., 2013; Kumar and Rani, 2013) , core-shell nanoparticles (Chahal et al., 2011) , doped nanoparticles (Sankara et al., 2013) and bimetallic NPs (Nkosi et al., 2012) . Besides the quantum confinement effect, the blue shift in the bimetallic ratios band gaps can be attributed either to the decreasing grain size or to strain present in the nanoparticles. This is supported by past related work where factors such as impurity, lattice strain and surface effect (Smith et al., 2009 ) have been reported to contribute to band gap shifts. In addition, the increase in band gap energy might be due to the charge transfer transitions (Fang et al., 2008) between the Ag atom and Pt atom. To our knowledge, no work has reported the calculations of the band gap of bimetallic Ag-Pt NPs using Tauc's calculations in this manner.
Electrochemical band gaps
Typical peaks of the respective NPs were observed in the voltammograms. The fact that typical peaks of the NPs were readily observed indicated that there was effective loading of the NPs on the electrode surface. Cyclic voltammograms of each NPs are shown in Figure 4a to c. GCE/Ag NPs depicted both oxidation (A) and reduction (B) peaks of Ag nanoparticles at 100 and -320 mV (corresponding to the Ag/Ag + redox couple), respectively ( Figure 4a ). The peaks correspond to the oxidation of the Ag 0 species to Ag + on the surface of the modified electrode as indicated by the redox reaction equation 2 and 3 as similarly reported (Wang et al., 2009) . While GCE/Pt NPs have an oxidation at -465, -250 and 515 mV with peaks denoted a, b and c respectively) and a reduction peak d of Pt nanoparticles at -15 mV (Figure 4) . These peaks correspond to the electroactivity of Pt ion species on the surface of the modified electrode. GCE/Pt NPs exhibited several oxidation changes; Peaks denoted a and b observed at more negative voltages of -465 and -250 mV are due to platinum's excess electrons, which resulted in hydrogen atoms bonding to Pt. Whereas the small peak c at 515 mV is a result of PtO formation (Hudak et al., 2010) . Each Pt atom could be bound to a maximum of two oxygen atoms, resulting in Pt
+4
. On the cathodic sweep, the peak d at -15 mV corresponded to PtO reduction. Thus, GCE/Pt NPs (Figure 4 platinum oxide formation and reduction peaks at positive potentials which are expressed by Equation 3 to 6 (Guo et al., 2012) .
The BM Voltamograms clearly show presence of both metals as shown from Figure 4b and c. Both GCE/Ag-Pt NPs (1:1 and 1:3) shown in Figure 3b and c have 1 cathodic peak denoted c and C at -54 and -30 mV respectively as well as 2 anodic peaks observed at 70 and 535 mV for 1:1 and at -630 and 710 mV for 1:3. The Ag NPs redox couple contribution is seen at 54 and 70 mV for 1:1 while only the cathodic peak C was indicative of Ag NPs in 1:3. Other peaks at 535 mV (1:1) and -630 and 710 mV (1:3) are attributed to Pt NPs equations 6 and 7. On the other hand, GCE/Ag-Pt NPs 3:1 showed two peaks (A″ and B″), which are typical of Ag NPs redox couple (equations 2 and 3) suggesting major contribution by Ag as similarly shown in the molar ratio. It was interesting to note that, for the Ag-Pt bimetallic nanoparticles, only one reduction and one oxidation peak was observed. This was possibly due to a quantum confinement effect (Yang et al., 1995) which was more in the BM. This suggests that the Ag-Pt bimetallic nanoparticles were composed of atomically mixed Ag and Pt and not composed of their metal domains. The various reactions taking place for the redox peaks observed were deduced as follows: 
Figure 4 voltamograms were used to determine band gaps using Bredas equations (Bredas et al., 1983) represented in Equations 7 and 8. The onset potentials of oxidation and reduction of the nanoparticles can be correlated to the ionization potential (I p ) and electron affinity (E a ) respectively. According to the empirical relationship proposed by Bredas et al. (1983) Table 1 summarised the potentials and band gaps calculated. In the bimetallic Ag-Pt NPs ratios of 1:1, 1:3 and 3:1, much larger band gap values were noted with the highest from Ag-Pt NPs 1:3. The increase in the band gap was corresponding to an average decrease in particle size. Significant shift to higher band energies were observed in case of bimetallic nanoparticles relative to Pt NPs. This can be attributed to the formation of small sized nanoparticles with little or no aggregation during synthesis as similarly reported (Niquet et al., 2000) . The data listed in Table 1 indicates that electrochemical band gaps increases as the ratio of Pt content in the mixture increases the band gap while the reverse was observed for optical band gaps which were proportional to Ag content. The fact that electrochemical band gaps were Okumu and Matoetoe 7 found to be smaller than the optical band gaps with an average factor difference above 1 was attributed to solvation and electrode surface coverage effects as well as the morphology. These band gap values suggest better electroactivity of the nanoparticles.
Conclusion
We confirmed the formation of core shell crystalline Ag-Pt nanoparticles through the XRD and TEM measurements. Optical and electrochemical band gap studies were used to define positions of energy levels in the bimetallic Ag-Pt nanoparticles. Relatively increased interatomic spacing was observed in the BM NPs ratios as a result of enhanced quantum confinement. We determined experimentally the dependence of the energy gap for metal nanoparticles. In addition, confirmed that structural changes induced by a host material, can change materials band gap. Although the electrochemically determined band gaps were found to be lower than the optical band gap, in most cases the values obtained portrayed a similar trends. The fabrication of GCE with the NPs depicted an attractive hybrid electrode material with great promise for electrochemical sensors applications.
The BM Ag-Pt core-shell nanoparticles provide valuable information to design various multishell structures and offer broad potential applications in catalysis and chemical sensing based on their optical and electrochemical functionalities.
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